Introduction {#section1-2058-5241.5.200019}
============

Ankle sprains are one of the most common musculoskeletal injuries, with an estimated incidence rate of 11.6 per 1000 exposures and a prevalence of 11.9%.^[@bibr1-2058-5241.5.200019],[@bibr2-2058-5241.5.200019]^ They are the most frequent musculoskeletal trauma among athletes, representing 10--30% of all sports injuries.^[@bibr3-2058-5241.5.200019]--[@bibr5-2058-5241.5.200019]^

Whenever we refer to ankle sprains, we are not describing the diagnosis but instead the injury mechanism. Inversion and adduction with a plantarflexed foot is the mechanism in 85% of ankle sprain injuries.^[@bibr6-2058-5241.5.200019]^ The most commonly affected ligament is the anterior talofibular ligament (ATFL), which is the weakest of the three lateral ankle ligaments, followed by injury of the calcaneofibular ligament (CFL) and the posterior talofibular ligament (PTFL).^[@bibr3-2058-5241.5.200019],[@bibr6-2058-5241.5.200019]--[@bibr11-2058-5241.5.200019]^ However, injury may not be confined to the lateral ligament complex and may extend to the subtalar, transverse, syndesmosis and/or medial side of the ankle.^[@bibr7-2058-5241.5.200019]^ Thus, involvement of the interosseous, cervical, bifurcate, tibiofibular (syndesmotic) or deltoid ligaments is not rare and associated injuries to the tendons around the ankle, cartilage damage and bone bruises are frequently induced in cases of acute ankle sprains.^[@bibr6-2058-5241.5.200019],[@bibr7-2058-5241.5.200019]^ These cases represent complex injuries of the ankle joint that have a different natural history from simple ankle sprains, this is, isolated lateral ligament injuries. When referring to ankle sprains, one must not forget that other mechanisms may have occurred, resulting in different patterns of injury.

Current treatment approach involves rest, ice, compression, and elevation followed by active range of motion, neuromuscular training and peroneal strengthening, since a large majority of these injuries are successfully treated conservatively.^[@bibr1-2058-5241.5.200019],[@bibr8-2058-5241.5.200019],[@bibr12-2058-5241.5.200019],[@bibr13-2058-5241.5.200019]^ Ranging from 2 weeks to 36.2 months follow-up, 36% to 85% of all patients reported full recovery.^[@bibr1-2058-5241.5.200019]^ The great variation in recovery time and full recovery rate represents the great variability of such injuries, highlighting the importance of defining prognostic factures in these situations. There are no clear indications for cases demanding acute surgical treatment, hence final treatment may be delayed in some cases because conservative treatment is always attempted before surgery. The goal of this review was to identify prognostic factors that may guide our initial approach and can provide information for the expectations of these patients.

Defining unsuccessful outcomes {#section2-2058-5241.5.200019}
==============================

After an acute ankle sprain, up to 70% of patients can develop long-lasting symptoms: feeling of ankle instability ('giving way'), pain, swelling and recurrent sprains, ultimately resulting in functional limitations.^[@bibr3-2058-5241.5.200019]^ The proportion of patients who reported that they still experienced pain at 1-year follow-up or longer ranged from 5% to 33%. After 3 years, 5% to 25% of patients still experienced pain. The occurrence of a re-sprain ranged from 3% to 34% of the patients, and a subjective instability ranged from 0% to 33%.^[@bibr1-2058-5241.5.200019],[@bibr3-2058-5241.5.200019],[@bibr14-2058-5241.5.200019]--[@bibr16-2058-5241.5.200019]^ These persistent symptoms are the main features of chronic ankle instability (CAI). Chronic ankle instability is defined as the perception of 'giving way' in combination with a history of recurrent ankle sprains, along with the sensation of ankle instability and persistent disability (pain, swelling etc.) that was not resolved in the time-frame from the initial sprain to the 12-month follow-up.^[@bibr16-2058-5241.5.200019]^

Historically, a differentiation has been made between functional ankle instability and mechanical ankle instability or a combination of these. Mechanical ankle instability corresponds to an augmented laxity and has been linked to subsequent degenerative changes of the ankle.^[@bibr3-2058-5241.5.200019]^ In functional instability, objective joint laxity is not increased, but functional insufficiencies such as impaired proprioceptive and neuromuscular control are present.

Chronic ankle instability has often been referred to as the insufficiency of the lateral ligament complex, but recently, attention to associated ligament injuries has brought authors to describe terms such as 'global ankle instability', 'rotational ankle instability', and 'multidirectional ankle instability', to define complex multiligament ankle injuries. Such definitions are relatively recent to the orthopaedic community, thus evidence using these concepts is lacking. Insufficient diagnosis may be the reason for such different outcomes and for the unclear indication of which injuries may benefit from early surgical repair.

Prognostic factors {#section3-2058-5241.5.200019}
==================

Understanding prognostic factors for an ankle sprain could help clinicians identify patients with a poor prognosis and choose the right treatment. Conversely, identifying patients with a good prognosis could have benefits for healthcare, health cost and resource use. Many prognostic variables are proposed (see [Table 1](#table1-2058-5241.5.200019){ref-type="table"}).

###### 

Prognostic factors and their relationship to clinical outcome

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Better outcome                                                                                                                            Undetermined                                                                                                               Worst outcome
  ----------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------
  Young^[@bibr14-2058-5241.5.200019]^\                                                                                                      Sex^[@bibr1-2058-5241.5.200019],[@bibr14-2058-5241.5.200019],[@bibr17-2058-5241.5.200019],[@bibr21-2058-5241.5.200019]^\   Systemic laxity^[@bibr12-2058-5241.5.200019],[@bibr25-2058-5241.5.200019]^\
  Low grade^[@bibr20-2058-5241.5.200019]^\                                                                                                  Body mass index (BMI)^[@bibr22-2058-5241.5.200019]--[@bibr24-2058-5241.5.200019]^                                          Joint geometry^[@bibr12-2058-5241.5.200019],[@bibr17-2058-5241.5.200019],[@bibr26-2058-5241.5.200019]^\
  Low activity level^[@bibr1-2058-5241.5.200019],[@bibr14-2058-5241.5.200019],[@bibr17-2058-5241.5.200019]^\                                                                                                                                                           Limb/foot malalignment^[@bibr17-2058-5241.5.200019],[@bibr26-2058-5241.5.200019],[@bibr27-2058-5241.5.200019]^\
  Good functional status^[@bibr14-2058-5241.5.200019],[@bibr18-2058-5241.5.200019]^\                                                                                                                                                                                   Re-sprain^[@bibr25-2058-5241.5.200019],[@bibr28-2058-5241.5.200019]^\
  Good neuromuscular function^[@bibr19-2058-5241.5.200019]^\                                                                                                                                                                                                           Multiligament^[@bibr14-2058-5241.5.200019],[@bibr20-2058-5241.5.200019],[@bibr25-2058-5241.5.200019],[@bibr28-2058-5241.5.200019]^
  No associated injury^[@bibr6-2058-5241.5.200019],[@bibr9-2058-5241.5.200019],[@bibr14-2058-5241.5.200019],[@bibr20-2058-5241.5.200019]^                                                                                                                              

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Despite insufficient evidence to recommend any factor as an independent predictor of outcome,^[@bibr14-2058-5241.5.200019]^ there were some prognostic factors linked to a better recovery and outcome: young age, low activity level, low grade injury, good functional status, good neuromuscular function and no other associated injury.^[@bibr14-2058-5241.5.200019],[@bibr17-2058-5241.5.200019],[@bibr18-2058-5241.5.200019],[@bibr20-2058-5241.5.200019],[@bibr25-2058-5241.5.200019],[@bibr28-2058-5241.5.200019]^

Thompson et al^[@bibr14-2058-5241.5.200019]^ concluded that higher baseline age was associated with poor recovery in short, medium and long-term follow-up periods. Sports activities at a high exercising level (training three times a week or more) was a significant prognostic factor for residual symptoms in comparison to a low exercising level (training less than three times/week) and no sports activities.^[@bibr1-2058-5241.5.200019],[@bibr14-2058-5241.5.200019],[@bibr17-2058-5241.5.200019]^ De Bie et al^[@bibr18-2058-5241.5.200019]^ concluded that prediction for two-week recovery can be given based on initial functional score, where patients with better functional status experience faster recovery and no long-term sequelae. This conclusion was corroborated by Thompson et al's study, which states that measures of functional ability explained the larger part of the variance of recovery,^[@bibr14-2058-5241.5.200019]^ and Kobayashi et al^[@bibr19-2058-5241.5.200019]^ observed that normal muscle activity patterns are important for a good outcome after injury.

Langner et al,^[@bibr20-2058-5241.5.200019]^ using 3 Tesla Magnetic Resonance Imaging (3T MRI) evaluation found three baseline prognostic factors associated with greater time to return to sports activities: greater number of injured ligaments determined by MR, more severe MR grading of injury, and presence of a bone bruise. However, other authors argue that injury grade does not seem to be a strong predictor for the course of lateral ankle sprains.^[@bibr1-2058-5241.5.200019]^ Relation between degree of injury and CAI has been matter of debate: only a minority of patients with CAI have an isolated injury to the ATFL while the majority have two or more injuries.^[@bibr9-2058-5241.5.200019],[@bibr14-2058-5241.5.200019],[@bibr20-2058-5241.5.200019]^ Although bone bruises may represent a bad sign in terms of prognosis, their natural history is generally good, with normalization of the MR appearance within 6 to 12 months after trauma.^[@bibr6-2058-5241.5.200019]^ Subchondral bone oedema may represent a cartilage injury, which may carry a different outcome.^[@bibr6-2058-5241.5.200019],[@bibr11-2058-5241.5.200019]^ Prognostic factors associated with a bad outcome are systemic laxity,^[@bibr12-2058-5241.5.200019],[@bibr25-2058-5241.5.200019]^ joint geometry,^[@bibr12-2058-5241.5.200019],[@bibr17-2058-5241.5.200019],[@bibr26-2058-5241.5.200019]^ re-sprain,^[@bibr25-2058-5241.5.200019],[@bibr28-2058-5241.5.200019]^ limb/foot malalignment^[@bibr17-2058-5241.5.200019],[@bibr26-2058-5241.5.200019],[@bibr27-2058-5241.5.200019],[@bibr29-2058-5241.5.200019]^ and multiligament injuries.^[@bibr14-2058-5241.5.200019],[@bibr20-2058-5241.5.200019],[@bibr25-2058-5241.5.200019],[@bibr28-2058-5241.5.200019]^

Some anatomic factors may predispose to CAI -- hindfoot varus, pathologic ligament laxity, and an osseous configuration of the ankle joint where the talus is less restrained in the ankle mortise.^[@bibr13-2058-5241.5.200019]^ A larger talar radius (a flatter talus), and a tibiotalar sector ≤ 82º (the angle of the lines drawn from the centre of the talus to both the anterior and posterior margins of the distal tibia, indicating the tibial coverage of the talus) ([Fig. 1](#fig1-2058-5241.5.200019){ref-type="fig"}), reflects less restraint of the talus in the tibia, which are significantly correlated with CAI and could, therefore, be considered intrinsic risk factors for CAI after an ankle sprain.^[@bibr15-2058-5241.5.200019]^ Other factors such as a frontal curvature ≥ 2 mm, and an anterior position of the talar centre of rotation to the anatomical axis of the tibia ≥ 4 mm ([Fig. 2](#fig2-2058-5241.5.200019){ref-type="fig"})^[@bibr27-2058-5241.5.200019]^ may also represent risk factors for CAI.

![Measurements of the osseous ankle configuration on lateral radiographs - TibCOR = distance between the tibial axis and the talar center of rotation. Sector = tibiotalar sector (the angle of the lines drawn from the center of the talus to both the anterior and posterior margins of the distal tibia, indicating the tibial coverage of the talus).](eor-5-334-g001){#fig1-2058-5241.5.200019}

![Measurements of the osseous ankle configuration on frontal radiographs FroCu = depth of the frontal curvature of the talus.](eor-5-334-g002){#fig2-2058-5241.5.200019}

Hubbard-Turner and colleagues^[@bibr12-2058-5241.5.200019]^ concluded that a signiﬁcant relationship between mechanical ankle laxity and a decrease subjective function of the ankle exists. Increased laxity, caused by improper ligament healing, may lead to neuromuscular impairment, altering ankle joint stability. In another study, Medina McKeon et al^[@bibr28-2058-5241.5.200019]^ have concluded that after the first sprain, tissue damage alone is not a good prognostic indicator; however, there is higher risk of a new and more severe ankle sprain.

At the time of the initial sprain, limb/foot malalignment, such as a posterior fibular position, a varus plafond, or a cavus foot may predispose patients to chronic ankle instability.^[@bibr26-2058-5241.5.200019]^ The evaluation of a plantarflexed first ray is also important to mention since it explains why the cavus is forefoot driven and the flexible cavovarus foot.^[@bibr29-2058-5241.5.200019]^

Lastly, there is not an homogeneous conclusion about gender and body mass index (BMI) effects on prognosis.^[@bibr1-2058-5241.5.200019],[@bibr14-2058-5241.5.200019],[@bibr17-2058-5241.5.200019],[@bibr21-2058-5241.5.200019]--[@bibr24-2058-5241.5.200019]^ Regarding gender, some studies demonstrate that men have an increased risk of residual symptoms compared with women.^[@bibr1-2058-5241.5.200019]^ On the other hand, others observed slower and incomplete recovery in the female gender.^[@bibr14-2058-5241.5.200019],[@bibr21-2058-5241.5.200019]^ Although high BMI is linked to a higher risk of ankle sprain,^[@bibr22-2058-5241.5.200019]--[@bibr24-2058-5241.5.200019]^ the effect on the injury's prognosis is not as clear. Weight-bearing ability after injury is related to a better short-term prognosis.^[@bibr14-2058-5241.5.200019]^

Poor outcomes may also be related to associated injuries ([Table 2](#table2-2058-5241.5.200019){ref-type="table"}) in a stable ankle or an ankle that has healed properly, where pain is the only reported symptom -- osteochondral lesions are present in up to 89% of ankle sprains with chronic instability.^[@bibr3-2058-5241.5.200019],[@bibr30-2058-5241.5.200019]^ It is well known that subtalar disorders, for example, sinus tarsi syndrome or subtalar instability, are the major causes of chronic ankle pain after an inversion ankle sprain.^[@bibr7-2058-5241.5.200019]^

###### 

Ankle sprain associated injuries

  ------------------------------------------------------------------------------------------------------------------------------------
  Associated injuries                Incidence
  ---------------------------------- -------------------------------------------------------------------------------------------------
  Bone bruise                        7.4--40%^[@bibr6-2058-5241.5.200019],[@bibr31-2058-5241.5.200019]^

  Osteochondral lesions\             50--89%^[@bibr1-2058-5241.5.200019],[@bibr30-2058-5241.5.200019],[@bibr31-2058-5241.5.200019]^\
  Subchondral lesion of talus        11--12%^[@bibr11-2058-5241.5.200019],[@bibr31-2058-5241.5.200019]^

  Sinus tarsi syndrome               3%^[@bibr11-2058-5241.5.200019],[@bibr32-2058-5241.5.200019]^

  Peroneal lesions\                  30%^[@bibr11-2058-5241.5.200019],[@bibr31-2058-5241.5.200019],[@bibr33-2058-5241.5.200019]^\
  Peroneal tenosynovitis\            77%^[@bibr33-2058-5241.5.200019]^\
  Attenuated peroneal retinaculum\   54%^[@bibr33-2058-5241.5.200019]^\
  Peroneus brevis tear               25%^[@bibr33-2058-5241.5.200019]^

  Syndesmosis instability            9%^[@bibr11-2058-5241.5.200019]^

  Impingement\                       \
  Anterolateral\                     3%^[@bibr5-2058-5241.5.200019],[@bibr34-2058-5241.5.200019]^\
  Posterior                          Rare^[@bibr5-2058-5241.5.200019],[@bibr34-2058-5241.5.200019]^

  Nerve palsy                        Unknown^[@bibr35-2058-5241.5.200019]^
  ------------------------------------------------------------------------------------------------------------------------------------

Various forms of peroneal tendon pathology, including tenosynovitis, tendon or retinaculum rupture and dislocation can result in chronic symptoms following an ankle injury.^[@bibr5-2058-5241.5.200019],[@bibr33-2058-5241.5.200019]^ In patients undergoing surgery for chronic lateral ankle instability, 77% had peroneal tenosynovitis, 54% had an attenuated peroneal retinaculum, and 25% had a peroneus brevis tear.^[@bibr33-2058-5241.5.200019]^ Chronic peroneal tenosynovitis is often misdiagnosed initially as an ankle sprain in patients with a history of inversion injuries.^[@bibr5-2058-5241.5.200019]^

Ankle sprain is the leading cause of impingement syndromes.^[@bibr5-2058-5241.5.200019],[@bibr34-2058-5241.5.200019]^ It is estimated that the incidence of anterolateral impingement syndrome is 3% following ankle sprains, and, in this condition, the synovial membrane hypertrophies and scars in response to repeated sprains, causing severe morbidity and pain, particularly amongst athletes and the younger population.^[@bibr5-2058-5241.5.200019]^ Despite evidence of the limitations of its efficacy, nonsurgical treatment remains the initial approach to the management of impingement syndromes.^[@bibr34-2058-5241.5.200019]^ However, most patients will be subjected to surgical approaches to treat this syndrome, mainly when it affects normal activities of a daily living or athletic performance.^[@bibr34-2058-5241.5.200019]^

The exact incidence of peroneal nerve palsy following ankle sprain is unknown, but peroneal nerve injury associated with inversion ankle sprains has been reported.^[@bibr35-2058-5241.5.200019]^ Peroneal nerve injury results in a weakness of ankle musculature, which is evident during rehabilitation.^[@bibr35-2058-5241.5.200019]^ Conservative and surgical treatments have been described for peroneal nerve palsy. In all cases, complete recovery occurred within 3 weeks to 6 months after the ankle sprain, and there was no convincing evidence that the early surgical exploration of the nerve is indicated.^[@bibr35-2058-5241.5.200019]^

Approach to the acute ankle sprain {#section4-2058-5241.5.200019}
==================================

The authors suggest a systemized approach to the patient with an acute ankle sprain ([Table 3](#table3-2058-5241.5.200019){ref-type="table"}). Early evaluation, despite limited clinical exam, can determine many prognostic factors. The positive identification of these factors should warrant a more aggressive attitude in the initial conservative treatment. An orthotic with functional brace, or even a rigid fixation in high-grade/low-functional cases, should be emphasized in these cases. Weight-bearing progression should also be delayed. The threshold for radiography should be low and performed with weight-bearing as tolerated. Ultrasound can be considered where there is a suspicion of associated injuries such as peroneal tendon dislocation.

###### 

Approach to the patient with an acute ankle sprain

  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
              History               Clinical exam                                                                                                                           Imaging
  ----------- --------------------- --------------------------------------------------------------------------------------------------------------------------------------- ----------------
  Day 1--3    - Previous sprains\   - Weight bearing ability\                                                                                                               - Radiography\
              - Age\                - Functional status (FADI, FAAM)\                                                                                                       - US
              - Activity level\     - Injury grade\                                                                                                                         
              - Gender\             - Tender points\                                                                                                                        
              - BMI                 - Systemic laxity\                                                                                                                      
                                    - Limb and foot alignment                                                                                                               

  Day 4--14   - Evolution           - Tender points\                                                                                                                        - MRI
                                    - Special tests:\                                                                                                                       
                                     • Lateral-anterior drawer, pivot, talar tilt; Syndesmosis: cotton, squeeze\                                                            
                                     • AP-fibula translation\                                                                                                               
                                     • Medial-external rotation, anterior drawer with hindfoot in varus\                                                                    
                                    - Assess associated injuries:\                                                                                                          
                                     • Lateral talar fracture (snowboarder), anterior calcaneal fracture, bifurcate injury, sinus tarsi/subtalar injury, cartilage injury   
  ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

*Note*. BMI, body mass index; AP, anteroposterior; FADI, Foot and Ankle Disability Index; FAAM, Foot and Ankle Ability Measure; US, ultrasonography; MRI, magnetic resonance imaging.

The value of stress radiographs in the acute clinical setting is questionable because the findings are severely influenced by the radiographic technique, the amount of force applied to the joint and the patient's cooperation.^[@bibr20-2058-5241.5.200019]^ However, the stability of the ankle joint could be influenced by its osseous configuration and this can be calculated with an X-ray.

Delayed evaluation (day 4 to day 14) is of the utmost importance. At this point it is possible to understand the character of the injury, depending on the recovery from day 1. It is also possible at this point to conduct a good physical exam, and full characterization of ligament injury, laxity and associated lesions must be made. Magnetic resonance imaging (MRI) can be considered in severe cases with bad evolution or when an associated lesion is suspected. According to several studies, the MRI seems to be a good initial instrument to demonstrate the anatomy and extent of injuries of the ligamentous complex.^[@bibr18-2058-5241.5.200019],[@bibr20-2058-5241.5.200019]^ It has a correlation among surgical findings and it is a significant predictor of the clinical outcome.^[@bibr9-2058-5241.5.200019],[@bibr20-2058-5241.5.200019]^ However, MRI fails to show the dynamic function of the ligaments.^[@bibr36-2058-5241.5.200019]^

It is true that conservative treatment provides excellent clinical outcomes in the majority of acute injuries, but comprehensive characterization of the injury can provide better guidance for the timing of weight-bearing progression, start and progression of the rehabilitation programme, and orthotic wear-off. Future studies should further refine the diagnosis of ankle sprains, defining which ligaments are injured and distinguishing ligament injury from pathologic ligament laxity. The authors believe that with such characterization it will be possible to define patients who would benefit from initial surgical treatment.

Conclusion {#section5-2058-5241.5.200019}
==========

Prognostic factors for full recovery after initial ankle sprain are not consistent, thus it is still unknown who benefits from acute surgical treatment. Nevertheless, many factors have been identified that increase the probability of a poor outcome. Currently, early surgical treatment may be considered for: high-level/high-demand athletes, severe injuries (bone bruise, multiligament, persistent pain, re-sprains) and associated injuries (bony avulsion or cartilage injury).
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